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1. Cobalt-Catalyzed C-4 Selective Direct Alkylation of Pyridines 
 
<1-1 Background and Strategy>  
 Pyridine derivatives are essential motifs exiting 
in numerous biologically active compounds, drug 
candidates, and useful materials. The exploration 
of efficient catalytic methodologies for 
regioselective C-H bond functionalization of 
pyridines thus has attracted recent interests1. 
Although many researchers have achieved 
C2-selective C-H bond functionalization utilizing 
a Lewis basic sp2 nitrogen atom as the directing 
group, there are only limited examples on C3- or C4- selective methods. Especially for C4-selective 
catalytic C-H bond functionalization of pyridines, Nakao/Hiyama et al2a and Ong et al2b, 
independently disclosed the first C4-selective functionalization of pyridines using Ni0/Lewis acid 
catalysis through oxidative addition/insertion/reductive elimination sequence. I envisioned that an 
adequate metal-hydride catalysis might realize C4-selective alkylation of pyridines via a completely 
different mechanism; 1. hydrometalation/2. catalytic nucleophilic attack to pyridines/3. 
re-aromatization (Scheme 1).  
 
<1-2 Results>  
 Based on the hypothesis above, I surveyed various metal salts and hydride sources. These studies 
revealed that the combination of CoBr2 and LiBEt3H was crucial for obtaining high reactivity. 
Further investigations identified BEt3 as a vital additive to enhance C4/C2 selectivity. After getting 
the optimized conditions, I examined the substrate scope (Table 1).  
 The reaction of the C4-selective alkylation of pyridine derivatives 1a-1d with styrene derivatives 
2a-2f proceeded well to afford the desired products with good to high branched selectivity 
(>20:1-7.4:1) and C4 selectivity (>20:1) (entries 1-5 and 9-17). Though the reactivity with aliphatic 
alkenes 2g, 2h, and 2i was much lower than aromatic alkenes, increased amount of CoBr2 and excess 
amounts of LiBEt3H and alkenes gave desired products in 58-86% yield with high C4 selectivity 
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Scheme 1. Working hypothesis
(>20:1) (entries 6-8). For aliphatic alkenes case, it was of note to obtain linear products 4ag-4ai 
(branched/linear = 1: >20). The catalyst system was also applicable for bipyridine substrate 1e to 
produce doubly alkylated product at C4 and C4’ positions in 85% yield (entry 18). 
<1-3 Mechanism Study> 
 To gain preliminary insight into the reaction mechanism, I carried out several investigations. First, 
in order to confirm catalyst regeneration process (Scheme 1, step 3), I performed the reaction 
starting from a postulated cobalt amide A, prepared by the method shown in Scheme 2. I anticipated 
that an active [Co-H] species would be formed from A through β-hydride elimination. Using the 
presumed [Co-H] species in the absence of BEt3 and LiBEt3H, I obtained alkylated product 3aa in 
similar yield with similar C4-selectivity to the conditions without using BEt3. This observation 
suggests the intermediacy and regeneration of 
[Co-H] species in the actual catalytic cycle.  
 Next, I demonstrated H/D scrambling 
experiment with [D5] pyridine as a substrate 
(Scheme 3). Compared with the Ni0 /Al 
catalysis used by Nakao/Hiyama2a and Ong2b, 
profiles of H/D scrambling under my 
conditions were drastically different. Whereas 
under Ni0 /Al system, H/D scrambling 
occurred at both the C2 and C3 positions via 
oxidative addition, my conditions provoked 
selective H/D scrambling at the electrophilic 
C2 position, possibly through the reversible 
addition and elimination of [Co-H] species. 
Based on the observation, I postulated that the 
present C4-selective direct alkylation reaction 
would proceed through 1. hydrometalation/2. 
catalytic nucleophilic attack to pyridines/3. 
re-aromatization sequence3. 
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HMPA (30 mol %) was added.  CoBr2 (6 mol %) and excess alkenes 
(2g: 12 equiv., 2h: 13.5 equiv.) were used.  CoBr2 (9 mol %) and excess 2i
(15.2 equiv.) were used. Reaction was run in the absence of BEt3. 
 5 equiv. of 2a was used and a doubly alkylated product at the C4 and C4' 
positions was obtained.
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Table 1: Cobalt-catalyzed C4-selective alkylation of pyridines
a
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